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(54) LONGITUDINALLY COUPLED RESONATOR TYPE SURFACE ACOUSTIC 
WAVE FILTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a longitudinally coupled resonator type 
surface acoustic wave filter having narrow pitch electrode finger sections that can 
enhance a degree of adjustment freedom of the layout of 3 resonance modes so 
as to improve a degree of design freedom in the case of adjustment of 
characteristics such as a pass bandwidth, dispersion in an insertion loss in the 
pass band and a VSWR (voltage standing wave ratio). 
SOLUTION: In the longitudinally coupled resonator type surface acoustic wave 
filter 1 that has the narrow pitch electrode finger sections N1-N4 where a pitch of 
part of electrode fingers from an end of adjacent IDTs is designed narrower than 
a pitch of electrode fingers of the remaining parts, the center chstance of at least 
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a pair of adjacent electrode fingers differs from 0.25 A-A+0.25 AB, where AA is a 
wavelength decided by the pitch of one electrode finger and AB is a wavelength 
decided by the pitch of the other electrode finger. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is formed along the surface acoustic wave propagation direction on 
the piezo-electric substrate and said piezo-electric substrate. It has the 1st which 
has two or more electrode fingers of a book, respectively - the 3rd IDT. Among 
said 1st [ the ] - the 3rd IDT at least one IDT In the vertical joint resonator mold 
surface acoustic wave filter which has at least one ** pitch electrode finger part 
by which the pitch of some electrode fingers is made narrower than the pitch of 
the electrode finger of these other parts in IDT from the edge by the side of 
adjacent IDT The vertical joint resonator mold surface acoustic wave filter carried 
out from 0.25lambdaA+0.25lambdaB if it is ** when the pitch of the electrode 
finger with which a pair adjoins each other at least sets to lambdaB wavelength 
to which the wavelength defined in the pitch of one electrode finger is set in the 
pitch of lambdaA and the electrode finger of another side. 
[Claim 2] It is arranged along the propagation direction of a surface acoustic 
wave on the piezo-electric substrate and said piezo-electric substrate. It has the 
1st in which each has two or more electrode fingers - the 3rd IDT. Among said 
1st [ the ] - the 3rd IDT at least one IDT In the vertical joint resonator mold 
surface acoustic wave filter which has at least one ** pitch electrode finger part 
by which the pitch of some electrode fingers is made narrower than the pitch of 
the electrode finger of these other parts in IDT from the edge by the side of 
adjacent IDT When wavelength defined in the pitch of electrode finger parts other 
than the ** pitch electrode finger part of IDT which has Iambdal2 and this ** pitch 
electrode finger part in the wavelength defined in the electrode finger pitch of 
said ** pitch electrode finger part is set to lambdah , When said ** pitch electrode 
finger part is arranged at the both sides of this next door **** IDT spacing, if the 
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electrode finger pitch between IDT(s) which adjoin each other the account of a 
top is **, it is carried out from 0.5lambdal2. The vertical joint resonator mold 
surface acoustic wave filter carried out from 0.25lambdal1+0.25lambdal2 if it is ** 
when said ** pitch electrode finger part is prepared only in the IDT(s) [ one of] 
side. 

[Claim 3] It is arranged along the propagation direction of a surface acoustic 
wave on the piezo-electric substrate and said piezo-electric substrate. It has the 
1st in which each has two or more electrode fingers - the 3rd IDT. Among said 
1st [ the ] - the 3rd IDT at least one IDT In the vertical joint resonator mold 
surface acoustic wave filter which has at least one ** pitch electrode finger part 
by which the pitch of some electrode fingers is made narrower than the pitch of 
the electrode finger of these other parts in IDT from the edge by the side of 
adjacent IDT When wavelength defined in the pitch of electrode finger parts other 
than the ** pitch electrode finger part of IDT which has Iambdal2 and this ** pitch 
electrode finger part in the wavelength defined in the electrode finger pitch of 
said ** pitch electrode finger part is set to lambdaM, a ****** pitch electrode finger 
part, The vertical joint resonator mold surface acoustic wave filter with which it is 
carried out from 0.25lambdal1+0.25lambdal2 if the electrode finger pitch in the 
part which adjoins each other in electrode finger parts other than said ** pitch 
electrode finger part is **. 

[Claim 4] It is arranged along the propagation direction of a surface acoustic 
wave on the piezo-electric substrate and said piezo-electric substrate. It has the 
1st in which each has two or more electrode fingers - the 3rd IDT. Among said 
1st [ the ] - the 3rd IDT at least one IDT In the vertical joint resonator mold 
surface acoustic wave filter which has at least one ** pitch electrode finger part 
by which the pitch of some electrode fingers is made narrower than the pitch of 
the electrode finger of these other parts in IDT from the edge by the side of 
adjacent IDT When wavelength defined in the pitch of electrode finger parts other 
than the ** pitch electrode finger part of IDT which has Iambdal2 and this ** pitch 
electrode finger part in the wavelength defined in the electrode finger pitch of 



said ** pitch electrode finger part is set to lambdah, When said ** pitch electrode 
finger part is arranged at the both sides of this core, if the electrode finger pitch 
between IDT(s) which adjoin each other the account of a top is **, it is carried out 
from 0.5lambdal2. When said ** pitch electrode finger part is prepared only in the 
IDT(s) [ one of ] side The vertical joint resonator mold surface acoustic wave filter 
with which it is carried out from 0.25lambdal1+0.25lambdal2 if the electrode 
finger pitch in the part which differ from O^SIambdaM+O^SIambda^, and adjoins 
each other in a ****** pitch electrode finger part and electrode finger parts other 
than said ** pitch electrode finger part is **. 

[Claim 5] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 4 characterized by the amount carried out if said adjacent electrode 
finger pitch is ** being less than [ 0.25lambdal1 ]. 

[Claim 6] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 5 with which electrode coverage with one electrode finger is 
relatively raised among said electrode fingers of a pair with which adjacent IDT 
adjoins each other, and spacing between the electrode fingers of said adjacent 
pair is narrowed by it. 

[Claim 7] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 6 with which metallizing of the field between the electrode fingers of 
the pair adjoined between said adjacent IDT(s) is carried out. 
[Claim 8] It is arranged along the surface acoustic wave propagation direction on 
the piezo-electric substrate and said piezo-electric substrate. And it has the 1st in 
which each has two or more electrode fingers - the 3rd IDT. The pitch of some 
electrode fingers from the edge by the side of IDT which at least one IDT adjoins 
among said 1st [ the ] - the 3rd IDT In the vertical joint resonator mold surface 
acoustic wave filter with which it has a narrow ** pitch electrode finger part 
relatively, and the amount of [ which stands in a row in this ** pitch electrode 
finger part ] electrode finger part has a large electrode finger pitch relatively The 
vertical joint resonator mold surface acoustic wave filter with which the part from 
which an electrode finger pitch differs further is prepared in said ** pitch electrode 



finger part. 

[Claim 9] The vertical joint resonator mold surface acoustic wave filter according 
to claim 8 carried out from 0.25lambdaA+0.25lambdaB if it is ** when the 
electrode finger pitch of a pair sets to lambdaA and lambdaB at least wavelength 
which adjoins each other between the parts from which the electrode finger pitch 
of said ** pitch electrode finger part differs, and which is defined in the pitch of 
each electrode finger. 

[Claim 10] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 to 9 said whose ** pitch electrode finger part is an electrode finger part 
of a chirp mold. 

[Claim 11] The vertical joint resonator mold surface acoustic wave filter according 
to claim 1 0 constituted so that an electrode finger pitch may become small at 
linearity as a chirp mold electrode finger part goes outside from the surface-wave 
propagation direction core of IDT. 

[Claim 12] The vertical joint resonator mold surface acoustic wave filter with 
which two or more step subordination connection of the vertical joint resonator 
mold surface acoustic wave filter according to claim 1 to 1 1 is made. 
[Claim 13] The transmitter constituted using the vertical joint resonator mold 
surface acoustic wave filter according to claim 1 to 12. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vertical joint resonator mold 
surface acoustic wave filter with which two or more IDT(s) 
(INTADEJITARUTORANSUDEYUSA) are arranged in the surface acoustic wave 
propagation direction at the detail more about the surface acoustic wave filter 
used for the band pass filter of RF stage of a portable telephone etc. 
[0002] 

[Description of the Prior Art] As a band pass filter of RF stage of a portable 
telephone, the surface acoustic wave filter is used widely. With the band bus filter, 
it is called for that they are low loss, the high magnitude of attenuation, and a 
broadband. Therefore, also in the surface acoustic wave filter, the attempt which 
fills these demands is made variously. 

[0003] For example, the method of attaining broadband-ization of a vertical joint 
resonator mold surface acoustic wave filter is indicated by JP,5-267990,A. The 
vertical joint resonator mold surface acoustic wave filter 101 currently indicated 
by drawing 31 at this official report is shown. The electrode finger pitch (it 
abbreviates to IDT-IDT spacing hereafter) Z adjoined between adjacent IDT(s) 
shown in drawing 31 is made into about 0.25 times of wavelength lambdal 
defined in the pitch of an electrode finger. Drawing 27 and drawing 28 are 
drawings for explaining broadband-ization in this advanced technology, drawing 

27 shows the frequency relation of the resonance mode to generate, and drawing 

28 is drawing showing the active current distribution in each resonance mode in 
schematic drawing. 

[0004] The resonance mode (resonance mode shown by the arrow head C) 
which has the peak of the intensity distribution of a surface acoustic wave is used 
for the IDT-IDT spacing section other than the zero-order mode (resonance 



mode shown by the arrow head B) shown in drawing 27 and drawing 28 , and the 
secondary mode (resonance mode shown by the arrow head A), and a passband 
consists of approaches given in the above-mentioned advanced technology. 
Therefore, although IDT-IDT spacing is set to O.SOIambdal in order to prevent the 
spurious radiation of a bulk wave, broadband-ization can usually be attained by 
being referred to as 0.25lambdal like the publication to the above-mentioned 
advanced technology. 
[0005] 

[Problem(s) to be Solved by the Invention] Drawing 29 and drawing 30 are 
drawings showing change of resonance mode shown by above-mentioned arrow- 
head A-C at the time of changing the above-mentioned IDT-IDT spacing. In 
addition, the result of drawing 2929 and drawing 30 is the result of shifting and 
checking impedance matching conditions intentionally. But it points out that the 
result of drawing 29 and drawing 30 is not what shows change of resonance 
mode relatively and shows the absolute location of exact resonance mode. 
[0006] Drawing 29 shows change of a motion of each resonance mode on the 
basis of the zero-order mode at the time of changing IDT-IDT spacing, i.e., the 
frequency difference of the resonance frequency in each mode to the resonance 
frequency in zero-order mode, and drawing 30 shows change of the amplitude 
level of each resonance mode, changing IDT-IDT spacing so that clearly from 
drawing 29 and drawing 30 - both the frequency of resonance mode, and 
amplitude level - although - it turns out that it changes. 
[0007] In the advanced technology mentioned above, although IDT-IDT spacing 
is adjusted in order to extend pass band width, this is explained with reference to 
drawing 32 . Drawing 32 is the typical top view showing an example of the 
conventional vertical joint resonator mold surface acoustic wave filter. 
[0008] Here, it is the 40 **5-degreeY cut X propagation LiTa03. The surface 
acoustic wave filter 200 is constituted by forming each electrode which consists 
of aluminum on a substrate (not shown). This vertical joint resonator mold 
surface acoustic wave filter 200 has the structure which made two-step 



subordination connection of the vertical joint resonator mold surface acoustic 
wave filter section 201 ,202. The surface acoustic wave filter section 201 ,202 is 
constituted similarly, and has the reflector 208,209 prepared in the both sides of 
a part in which the 1st arranged in the surface wave propagation direction - 3rd 
IDT 205-207, and IDT 205-207 are formed, respectively. This surface acoustic 
wave filter section 201 ,202 was designed by the following specification. 
[0009] Electrode finger crossover width-of-face W=43.4lambdal (however, 
wavelength of the surface wave as which lambdal is determined in the pitch of 
the electrode finger of IDT) 

Duty in spacing =0.50lambdaRIDT between the spacing D between IDT(s) which 
in number =IDT205 of the electrode finger in IDT, as for 25 and IDT206, 31 
adjoin each other, and, as for IDT207, 25 of 100 electrode number = fingers of 
the wavelength lambdaR= 4.28-micrometer reflector of the wavelength lambdal= 
4.17-micrometer reflector of IDT adjoin, E=0.32lambdallDT and reflector = it is 
duty =0.55 electrode-layer thickness =0.08lambdal [0010] in 0.73 and a reflector. 
In addition, in this specification, all of IDT-IDT spacing, IDT-reflector spacing, and 
spacing between adjacent electrode fingers shall be expressed with an electrode 
finger pitch. Moreover, the above-mentioned duty shall express the ratio to the 
sum with the crosswise dimension of the tooth space between the electrode 
fingers which adjoin this crosswise dimension of the crosswise dimension which 
meets in the surface wave propagation direction of an electrode finger. 
[0011] the design value which mentioned above the IDT-IDT spacing D and E in 
the surface acoustic wave filter 200 which showed drawing 33 and drawing 34 to 
drawing 32 - 0.005lambdal - change of the property at the time of making it 
small and making it broadband-ize is shown. When a continuous line makes IDT 
spacing D and E small, a broken line shows the property in the case of the 
above-mentioned specification. 

[0012] Drawing 33 shows frequency characteristics and drawing 34 shows 
change of VSWR. By making IDT-IDT spacing small, about 1MHz of pass band 
width which is in the range of 4dB from through level spreads, and broadband- 



ization is attained so that clearly from drawing 33 and drawing 34 . However, the 
surface smoothness of the insertion loss in a passband falls, and VSWR gets 
worse about 0.25 times. 

[0013] on the other hand, the IDT-IDT spacing D and E - the above-mentioned 
design condition » 0.003lambdal - change of the property at the time of 
enlarging, and raising the surface smoothness of the insertion loss in a passband, 
and making a VSWR property improve is shown in drawing 35 and drawing 36 . 
When a continuous line enlarges IDT spacing D and E, a broken line shows the 
property in the case of the above-mentioned specification. 
[0014] Although the surface smoothness and VSWR of an insertion loss in a 
passband improve by making IDT-IDT spacing large so that clearly from drawing 
35 and drawing 36 , about 1MHz of pass band width becomes narrow conversely. 
If it is going to acquire a desired property by adjusting IDT-IDT spacing, this will 
be because all the resonance modes change, as shown in drawing 29 and 
drawing 30 . 

[0015] That is, since three resonance modes were not able to be operated 
according to an individual, the property of satisfying all of surface smoothness, 
VSWR, etc. of the insertion loss in pass band width and a passband was not 
acquired. 

[0016] The purpose of this invention can adjust broadly the arrangement 
condition of three resonance modes which canceled and mentioned above the 
fault of the conventional technique mentioned above, and is to offer the vertical 
joint resonator mold surface acoustic wave filter which can raise the degree of 
freedom of designs, such as the surface smoothness of the insertion loss in pass 
band width and a passband, and VSWR. 

[0017] Other purposes of this invention are to offer the vertical joint resonator 
mold surface acoustic wave filter which can reduce the surface smoothness of 
the insertion loss in a passband, and can improve a VSWR property, without 
narrowing pass band width. 

[0018] The purpose of further others of this invention is to offer the vertical joint 



resonator mold surface acoustic wave filter which can attain broadband-ization, 
without degrading the surface smoothness and the VSWR property of an 
insertion loss in a passband. 
[0019] 

[Means for Solving the Problem] According to the large aspect of affairs with this 
invention, it sets on a piezo-electric substrate and said piezo-electric substrate. It 
is formed along the surface acoustic wave propagation direction, and has the 1st 
which has two or more electrode fingers of a book, respectively - the 3rd IDT. 
The pitch of some electrode fingers from the edge by the side of IDT which at 
least one IDT adjoins In the vertical joint resonator mold surface acoustic wave 
filter which has at least one ** pitch electrode finger part made narrower than the 
pitch of the electrode finger of other parts When the pitch of the electrode finger 
with which a pair adjoins each other at least sets to lambdaB wavelength to 
which the wavelength defined in the pitch of one electrode finger is set in the 
pitch of lambdaA and the electrode finger of another side, the vertical joint 
resonator mold surface acoustic wave filter carried out from 
0.25lambdaA+0.25lambdaB if it is ** is offered. 

[0020] In addition, the electrode finger with which a pair adjoins each other at 
least in this case may be an electrode finger of the pair which adjoins each other 
not only in the electrode finger of the adjacent pair in the part which adjoins each 
other in the electrode finger with which the pair of the part which a ** pitch 
electrode finger part and the remaining electrode finger parts adjoin adjoins each 
other, or IDT(s) but in other parts. 

[0021] According to other large aspects of affairs of this invention, it is arranged 
along the propagation direction of a surface acoustic wave on the piezo-electric 
substrate and said piezo-electric substrate. It has the 1st in which each has two 
or more electrode fingers - the 3rd IDT. At least one IDT In the vertical joint 
resonator mold surface acoustic wave filter which has at least one ** pitch 
electrode finger part by which the pitch of some electrode fingers is made 
narrower than the pitch of the electrode finger of other parts from the edge by the 



side of adjacent IDT When wavelength defined in the pitch of electrode finger 
parts other than the ** pitch electrode finger part of IDT which has Iambdal2 and 
this ** pitch electrode finger part in the wavelength defined in the electrode finger 
pitch of said ** pitch electrode finger part is set to lambdaH , When the ** pitch 
electrode finger part is arranged at the both sides of this next door **** IDT 
spacing, if the electrode finger pitch between IDT(s) which adjoin each other the 
account of a top is **, it is carried out from 0.5lambdal2. When the ** pitch 
electrode finger part is prepared only in the IDT(s) [ one of ] side, the vertical joint 
resonator mold surface acoustic wave filter carried out from 
0.25lambdal1+0.25lambdal2 if it is ** is offered. 

[0022] According to other large aspects of affairs of this invention, it is further 
arranged along the propagation direction of a surface acoustic wave on the 
piezo-electric substrate and said piezo-electric substrate. It has the 1st in which 
each has two or more electrode fingers - the 3rd IDT. At least one IDT In the 
vertical joint resonator mold surface acoustic wave filter which has at least one ** 
pitch electrode finger part by which the pitch of some electrode fingers is made 
narrower than the pitch of the electrode finger of other parts from the edge by the 
side of adjacent IDT When wavelength defined in the pitch of electrode finger 
parts other than the ** pitch electrode finger part of IDT which has Iambdal2 and 
this ** pitch electrode finger part in the wavelength defined in the electrode finger 
pitch of said ** pitch electrode finger part is set to lambdah, a ****** pitch 
electrode finger part, The vertical joint resonator mold surface acoustic wave filter 
with which it is carried out if the electrode finger pitch in the part which adjoins 
each other in electrode finger parts other than a ** pitch electrode finger part is ** 
from 0.25lambdal1+0.25lambdal2 is offered. 

[0023] According to another large aspect of affairs of this invention, it is arranged 
along the propagation direction of a surface acoustic wave on the piezo-electric 
substrate and said piezo-electric substrate. It has the 1st in which each has two 
or more electrode fingers - the 3rd IDT. At least one IDT In the vertical joint 
resonator mold surface acoustic wave filter which has at least one ** pitch 



electrode finger part by which the pitch of some electrode fingers is made 
narrower than the pitch of the electrode finger of other parts from the edge by the 
side of adjacent IDT When wavelength defined in the pitch of electrode finger 
parts other than the ** pitch electrode finger part of IDT which has Iambdal2 and 
this ** pitch electrode finger part in the wavelength defined in the electrode finger 
pitch of said ** pitch electrode finger part is set to lambdaM , When the ** pitch 
electrode finger part is arranged at the both sides of this core, if the electrode 
finger pitch between IDT(s) which adjoin each other the account of a top is **, it is 
carried out from 0.5lambdal2. When the ** pitch electrode finger part is prepared 
only in the IDT(s) [ one of ] side It differs from 0.25lambdal1+0.25lambdal2. And 
a ****** pitch electrode finger part, The vertical joint resonator mold surface 
acoustic wave filter with which it is carried out if the electrode finger pitch in the 
part which adjoins each other in electrode finger parts other than a ** pitch 
electrode finger part is ** from 0.25lambdal1+0.25lambdal2 is offered. 
[0024] In this invention, the amount made desirable if said adjacent electrode 
finger pitch is ** is made into less than [ 0.25lambdal1 ]. In this invention, 
electrode coverage with one electrode finger is relatively raised among the 
electrode fingers of a pair with which adjacent IDT adjoins each other preferably, 
and spacing between the electrode fingers which adjoin each other by it is 
narrowed. 

[0025] On the specific aspect of affairs of this invention, metallizing of the field 
between the electrode fingers with which each other is adjoined between 
adjacent IDT(s) is carried out. According to still more nearly another large aspect 
of affairs of this invention, it is arranged along the surface acoustic wave 
propagation direction on the piezo-electric substrate and said piezo-electric 
substrate. And it has the 1st in which each has two or more electrode fingers - 
the 3rd IDT. The pitch of some electrode fingers from the edge by the side of IDT 
which at least one IDT adjoins In the vertical joint resonator mold surface 
acoustic wave filter with which it has a narrow ** pitch electrode finger part 
relatively, and the amount of [ which stands in a row in this ** pitch electrode 



finger part ] electrode finger part has a large electrode finger pitch relatively The 
vertical joint resonator mold surface acoustic wave filter with which the part from 
which an electrode finger pitch differs further is prepared in said ** pitch electrode 
finger part is offered. 

[0026] When the electrode finger pitch of a pair sets to lambdaA and lambdaB at 
least wavelength which adjoins each other preferably between the parts from 
which the electrode finger pitch of said ** pitch electrode finger part differs and 
which is defined in the pitch of each electrode finger, if it is **, it is carried out 
from 0.25lambdaA+0.25lambdaB. 

[0027] Let the ** pitch electrode finger part be a chirp mold on the specific aspect 
of affairs of this invention. Preferably, the chirp mold electrode finger part is 
constituted so that an electrode finger pitch may become small at linearity, as it 
goes outside from the surface-wave propagation direction core of IDT. 
[0028] According to another specific aspect of affairs of this invention, the vertical 
joint resonator mold surface acoustic wave filter which comes to make two or 
more step subordination connection of the vertical joint resonator mold surface 
acoustic wave filter of this invention is offered. On other specific aspects of affairs 
of this invention, the transmitter using the vertical joint resonator mold surface 
acoustic wave filter concerning this invention is offered further. 
[0029] 

[Embodiment of the Invention] Hereafter, this invention is clarified by explaining 
the concrete example of this invention, referring to a drawing. 
[0030] Drawing 1 is a typical top view for explaining the vertical joint resonator 
mold surface acoustic wave filter concerning the 1st example of this invention. In 
addition, although the vertical joint resonator mold surface acoustic wave filter of 
this example and future examples is a band pass filter for EGSM reception, the 
vertical joint resonator mold surface acoustic wave filter concerning this invention 
is not limited to this, but is used as a band pass filter in various applications. 
[0031] At this example, it is LiTa03 as a piezo-electric substrate of 40 **5- 
degreeY cut X propagation. The vertical joint resonator mold surface acoustic 



wave filter 1 is constituted using the substrate 2. With the surface acoustic wave 
filter 1 , two-step subordination connection of the surface acoustic wave filter 
sections 3 and 4 is made. The surface acoustic wave filter sections 3 and 4 are 
vertical joint resonator mold surface acoustic wave filters which have three IDT(s), 
and both are completely constituted similarly. 

[0032] In the surface acoustic wave filter section 3, the 1st - 3rd IDT 5-7 are 
arranged along the surface wave propagation direction. Reflectors 8 and 9 are 
arranged at the surface wave propagation direction both sides of the field in 
which IDT 5-7 is formed. 

[0033] Similarly, in the surface acoustic wave filter section 4, the 1st - 3rd IDT 10- 
12 are arranged, and reflectors 13 and 14 are arranged at the both sides of the 
field in which IDT 10-12 is formed. 

[0034] The end of 2nd IDT6 of the center of the surface acoustic wave filter 
section 3 is connected to the input terminal 15. Moreover, the end of 1st and 3rd 
IDT 5 and 7 of the surface acoustic wave filter section 3 is electrically connected 
to the end of 1st and 3rd IDT 10 and 12 of the 2nd surface acoustic wave filter 
section 4. The end of 2nd IDT1 1 of the surface acoustic wave filter section 4 is 
electrically connected to the output terminal 16. Each edge of the opposite side is 
connected with the edge electrically connected to IDT 5-7, the input terminal 15 
of 10-12, an output terminal 16, or other IDT(s) at ground potential. 
[0035] In the surface acoustic wave filter section 3, as for IDT 5-7, an electrode 
finger pitch has a narrow ** pitch electrode finger part relatively, respectively. 
That is, in the part which IDT 5 and 6 adjoins, the electrode fingers 5a and 6a of 
IDT 5 and 6 adjoin each other. Two or more electrode fingers constitute the ** 
pitch electrode finger part N1 with a narrow electrode finger pitch from an edge 
by the side of IDT6 of IDT5 containing electrode finger 5a compared with the 
remaining electrode finger of IDT5. That is, in IDT5, the electrode finger pitch of 
the ** pitch electrode finger part N1 is made narrower than the electrode finger 
pitch of the remaining electrode finger parts. 

[0036] Similarly, also in IDT6, two or more electrode fingers containing electrode 



finger 6a of the edge by the side of IDT5 constitute the ** pitch electrode finger 
part N2. On the other hand, in the part which IDT 6 and 7 adjoins, electrode 
finger 6b of IDT6 and electrode finger 7a of IDT7 adjoin each other. And the ** 
pitch electrode finger part N3 is constituted by two or more electrode fingers 
containing electrode finger 6b of the IDT7 side-edge section of IDT6. Therefore, 
in IDT6, the ** pitch electrode finger parts N2 and N3 are constituted by the 
surface-wave propagation direction both sides, and the electrode finger pitch of 
the ** pitch electrode finger parts N2 and N3 is narrowed compared with the 
central electrode finger part. In addition, the electrode finger pitch of the ** pitch 
electrode finger part N2 and the ** pitch electrode finger part N3 is made equal. 
[0037] The ** pitch electrode finger part N4 consists of IDT(s)7. The ** pitch 
electrode finger part N4 has the edge by the side of IDT6 of IDT7, i.e., two or 
more electrode fingers containing electrode finger 7a. In IDT7, the electrode 
finger pitch is narrowed for the ** pitch electrode finger part N4 rather than the 
electrode finger pitch of the remaining electrode finger parts. 
[0038] Similarly, also in IDT 10-12, the same ** pitch electrode finger parts N1, 
N2, N3, and N4 as IDT 5-7 are constituted. In addition, in drawing 1 , in order to 
make drawing brief, as for the number of an electrode finger, the twist is also 
actually shown few. 

[0039] First, although it is not the example of this invention, the fundamental 
example of a design of the vertical joint resonator mold surface acoustic wave 
filter 1 (it abbreviates to the example of reference hereafter.) is explained. 
Wavelength to which the wavelength defined in the electrode finger pitch of the 
****** pitch electrode finger parts N1-N4 is set in the electrode finger pitch of 
Iambdal2 and other electrode finger parts is set to lambdaM . 
[0040] The number of the electrode finger in IDT 5-7 and electrode finger 
crossover width-of-face W=35.8lambdal1IDT 5, 7, 10, and 12 in 10-12 = In each 
IDT The number of the electrode finger of a ** pitch electrode finger part is four, 
and 25 numbers of the electrode finger of the ** pitch electrode finger parts N2 
and N3 of the number = both sides of the electrode finger of IDT 6 and 1 1 of the 



number of the electrode finger of the remaining electrode finger parts are four, 
respectively. The number of an electrode finger [ in / in the number of the 
electrode finger of the electrode finger part which is not a central ** pitch / 
wavelength lambdaR=4.29micrometer of the 2= 3.90 micrometer reflectors 8, 9, 
13, and 14 of 27lambdal 1=4.1 9micrometerlambdal, and a reflector] = it is 100 
[0041]. Electrode finger pitch =0.25lambdal1+0.25lambdal2 between the 
electrode fingers of the adjacent pair of a ** pitch electrode finger part and the 
remaining electrode finger parts. In addition, the pitch of the electrode finger of a 
pair with which a ** pitch electrode finger part and the remaining electrode finger 
parts adjoin each other is a part shown in drawing 1 by arrow heads X1, X2, X3, 
and X4. For example, it is the electrode finger pitch of the adjacent pair in the 
part which the ** pitch electrode finger part N1 of IDT5 and the remaining 
electrode finger parts adjoin. 

[0042] Adjacent IDT-IDT spacing =0.50lambdal2. That is, the ** pitch electrode 
finger part is constituted from this example by the both sides of the part which 
IDT(s) adjoin, and the electrode finger pitch adjoined between IDT-IDT shown by 
the arrow heads X5 and X6 of drawing 1 is set to 0.50lambdal2. 
[0043] Spacing =0.50lambdaRIDT 5-7 of IDT and a reflector, duty in 10-12 = duty 
=0.55 electrode-layer thickness =0.08lambdal1[0044] in 0.73 and a reflector Let 
the electrode finger period alignment distance X5 and X6 which IDT-IDT spacing 
adjoins, and electrode finger period alignment distance X1-X4 of the part to 
which the electrode finger with which pitches differ adjoins a list be the values 
which added 0.25 times of the wavelength defined in the electrode finger pitch of 
the electrode finger part in which the electrode finger of an adjacent pair is 
contained, respectively in this example. This is for maintaining the continuity of 
the propagation path of a surface acoustic wave, and making loss by radiation of 
a bulk wave small. 

[0045] Compared with the conventional vertical joint resonator mold surface 
acoustic wave filter, it is low loss and a large passband can consist of vertical 
joint resonator mold surface acoustic wave filters of this example of reference 



using three resonance modes mentioned above. 

[0046] This example is set in the vertical joint resonator mold surface acoustic 
wave filter of such an example of reference. 0.25 times of the wavelength defined 
in two or more electrode fingers pitch arranged in the direction which keeps away 
from the core of an adjacent electrode finger that the above-mentioned pitches 
X1-X6 contain one electrode finger of the electrode finger of an adjacent pair, It is 
in being shifted from the 0.25 times as much sum as the wavelength defined in 
the pitch of two or more electrode fingers arranged in the direction which keeps 
away from the core of the adjacent electrode finger containing the electrode 
finger of another side of the electrode finger of an adjacent pair. This is explained 
more concretely. 

[0047] By making the above-mentioned example of reference into a design 
development, and adjusting pitches X1-X6 explains that dispersion and VSWR of 
an insertion loss in a passband are improved. 

[0048] In this example, electrode finger crossover width of face is set to 
43.0lambdal1. Moreover, pitch X1-6 are carried out as follows. 
It is for planning impedance matching that electrode finger crossover width of 
face is changed [ which are lambdalpitch X1, 
X4=0.25lambdal1+0.25lambdal2+0.015lambdal1 pitch X5, and 
X6=0.50lambdal2-0.0201 pitch X2 and 

X3=0.25lambdal1+0.25lambdal2+0.010lambdal1 ] as mentioned above. 
[0049] The frequency characteristics of the vertical joint resonator mold surface 
acoustic wave filter of this example and the vertical joint resonator mold surface 
acoustic wave filter of the above-mentioned example of reference are shown in 
drawing 2 , and a VSWR property is shown in drawing 3 . In drawing 2 and 
drawing 3 , a continuous line shows the result of the 1st example and a broken 
line shows the result of the above-mentioned example of reference. In addition, 
in drawing 2 , the frequency characteristics expanded on the scale on the right- 
hand side of an axis of ordinate are also shown collectively. 
[0050] According to this example, it compares with the above-mentioned 



example of reference, and it turns out that dispersion in the insertion loss in a 
passband becomes small, and that about 0.3 ****s of VSWR are carried out so 
that clearly from drawing 2 and drawing 3 . And it turns out that through level has 
hardly changed with the example of reference about the pass band width of the 
magnitude of attenuation to 4dB. 

[0051] According to this example, namely, the electrode finger pitches X1-X4 of 
an adjacent pair with the electrode finger part of a different pitch from a ** pitch 
electrode finger part and a ** pitch electrode finger part By making it larger than 
the 0.25 times as much sum as the wavelength defined in each electrode finger 
pitch of the electrode finger of the pair which makes it larger than the case of the 
above-mentioned example of reference, namely, adjoins each other By making 
smaller than the case of the above-mentioned design development the electrode 
finger pitches X5 and X6 of the pair which adjoins the list between IDT-IDT 
shows that dispersion of the insertion loss in a passband and improvement in 
VSWR can be aimed at. That is, dispersion of the insertion loss in a passband 
and the improvement of VSWR can be aimed at, without narrowing a passband. 
[0052] The above-mentioned effectiveness is explained with reference to drawing 
4 - drawing 10 . Drawing 4 is equivalent to the structure in the vertical joint 
resonator mold surface acoustic wave filter 1 shown in drawing 1 from which 
while took out only the surface acoustic wave filter section 3. 
[0053] The end of IDT 5 and 7 is connected to the output terminal 17 in vertical 
joint resonator mold surface acoustic wave filter section 3A shown in drawing 4 . 
In this surface acoustic wave filter section 3A, change of resonance mode A-C 
( drawing 27 , resonance mode A-C shown in 28) at the time of changing 
variously the electrode finger pitches X1-X6 as well as drawing 1 is shown in 
drawing 5 - drawing 10 . 

[0054] Here, the distance changed to the design condition in the example of 
reference mentioned above shall be said in a changed part of an electrode finger 
pitch. In drawing 5 - drawing 10 , an impedance 50ohm thing is set to 5 ohms, 
like the case where it is shown in drawing 29 and drawing 3030 , since it is the 



result of removing and checking a match condition, drawing 5 - drawing 10 do not 
show a relative position, and it points out that it is not the thing of exact 
resonance mode which shows a location absolutely. 

[0055] When drawing 5 and drawing 6 change the pitches X1 and X4 in drawing 
4 , drawing 7 and drawing 8 change pitches X5 and X6 (namely, IDT-IDT 
spacing) and drawing 9 and drawing 10 change pitches X2 and X3, change of 
resonance mode A-C is shown, respectively. 

[0056] It turns out that the situations of change of three kinds of resonance mode 

■ 

A-C to change of each electrode finger pitch differ for every pitch so that clearly 
from drawing 5 - drawing 10 . Furthermore, in the above-mentioned example of 
reference, change of the frequency characteristics at the time of changing a pitch 
**0.02lambdal1 is shown in drawing 11 - drawing 13 so that the difference in the 
property change by change of each pitch may be known. 
[0057] Drawing 11 shows a result when in the pitches X1 and X4 in drawing 4 
drawing 12 changes pitches X5 and X6 and drawing 13 changes pitches X2 and 
X3. By adjusting each pitch shows that the change in a passband differs greatly 
so that clearly from drawing 1 1 - drawing 13 . That is, more, pitches X1-X6 and 
since pitches X1 and X4, pitches X5 and X6, and pitches X2 and X3 become a 
pair, respectively, by adjusting three kinds of pitches, respectively shows that the 
degree of freedom which adjusts the frequency and level of resonance mode is 
sharply raised compared with the conventional example at accuracy. 
[0058] In this example, it is larger than the design development which mentioned 
above pitches X1-X4 as mentioned above, and without changing pass band 
width by making pitches X5 and X6 smaller than a design development, 
arrangement of three resonance mode A-C is adjusted so that the deflection and 
VSWR of an insertion loss in a passband may be improved. 
[0059] Next, by adjusting three sorts of pitches mentioned above as a 
modification of the 1st example shows the example which extends a passband. 
In this modification, the design of an electrode is changed as follows to the 
design development mentioned above. 



[0060] lambdalwavelength lambdaR= 4.30-micrometer pitch [ of the wavelength 
Iambdal1= 4.20 micrometer reflector of electrode finger crossover width-oMace 
W=46.4lambdal1IDT ] X1, X4=0.25lambdal1+0.25lambdal2-0.010lambdal1 pitch 
X5, and X6=0.50lambdal2-0.0201 pitch X2, It is for planning impedance matching 
to have changed [ which is X3=0.25lambdal1+0.25lambdal2+0.015lambdal1 ] the 
electrode finger crossover width of face W, and the wavelength of IDT and the 
wavelength of a reflector are only changed in order to correct a gap of center 
frequency. 

[0061] The frequency characteristics and the VSWR property of this modification 
are shown in drawing 14 and drawing 15 . The continuous line of drawing 14 and 
drawing 15 shows the result of the example of reference for which the broken line 
mentioned the result of this modification above. 

[0062] Through level shows that about 1MHz of pass band width of the 4dB 
magnitude of attenuation is large to the case of the example of reference so that 
clearly from drawing 14 and drawing 15 . In this case, although the wave has 
arisen a little in the passband, remarkable aggravation is not seen to the example 
of reference, but VSWR is almost equivalent. 

[0063] As mentioned above, in the part which the part and IDT(s) which a ** pitch 
electrode finger part and the remaining electrode finger parts adjoin adjoin, there 
is a problem that the continuity of whenever [ propagation / of a surface acoustic 
wave ] is spoiled in changing from the value which added 0.25 times of the 
wavelength to which the pitch of two adjacent electrode fingers is set in the pitch 
of each electrode finger. Change of the propagation loss at the time of changing 
the pitches X5 and X6 in drawing 1 to drawing 16 is shown. An axis of abscissa 
is a changed part of the IDT-IDT spacing X5 and X6, i.e., pitches, and the point 
of 0 is 0.5lambdal2. An axis of ordinate is the value which removed loss by the 
impedance mismatch from the insertion loss. 

[0064] By changing pitches X5 and X6, i.e., IDT-IDT spacing, from 0 shows that a 
propagation loss deteriorates so that clearly from drawing 16 . the above- 
mentioned pitches X5 and X6 - a design development - 0.25lambdal1 - since a 



gap of periodicity becomes being the same as that of the conventional example 
by enlarging, it is thought that a propagation loss deteriorates to a propagation 
loss equivalent to the conventional example. 

[0065] Degradation of this propagation loss is also almost the same as when 
changing other pitches X1-X4 in drawing 1 . Therefore, the upper limit of the 
amount of adjustments of the above-mentioned pitches X1-X6 is understood that 
it is desirable to carry out to below value +0.25lambdal (wavelength defined in 
the electrode finger pitch of the electrode finger part whose lambdal is not a ** 
pitch electrode finger part) of the design development which added 0.25 times of 
the wavelength defined in each pitch of two adjacent electrode fingers. In 
addition, in the filter for EGSM reception shown in the 1st example, the amount of 
adjustments is abbreviation 0.25lambdal. Moreover, what is necessary is just to 
consider as the range which can be realized in an etching process or a lift-off 
process about the minimum of the amount of adjustments. 
[0066] As mentioned above, with the vertical joint resonator mold surface 
acoustic wave filter of the 1st example and the above-mentioned modification, it 
turns out that the degree of freedom of designs, such as dispersion of the 
insertion loss in pass band width and a passband and VSWR, is sharply raised 
compared with the conventional vertical joint resonator mold surface acoustic 
wave filter. 

[0067] Moreover, by adjusting three kinds of electrode finger pitches also shows 
that arrangement of three resonance modes is adjusted and the steepness of the 
filter shape in passband ****** can be raised like the 1st example. 
[0068] In addition, at the above-mentioned example, it is LiTa03 of 40 **5- 
degreeY cut X propagation. It is not limited especially about the piezoelectric 
material which constitutes a piezo-electric substrate in this invention although the 
substrate was used, but is the 64-72 degreeY cut X propagation LiNb03. A 
substrate and 41 degreeY cut X propagation LiNb03 A substrate etc. may be 
used. 

[0069] moreover, the structure which was subordinate two steps in the above- 



mentioned example in the vertical joint resonator mold surface acoustic wave 
filter section of 31 DT molds which has the 1st - the 3rd IDT, and one step, 
although explained per [ 3IDT(s) type length joint resonator mold surface 
acoustic wave filter section 3A ] This invention is applicable also to the vertical 
joint resonator mold surface acoustic wave filter 18 of 5IDT molds which have 
five IDT(s) as shown in drawing 17 (a), and the many electrode type length joint 
resonator mold surface acoustic wave filter which has IDT beyond it. Furthermore, 
as shown in drawing 17 (b), you may be the structure which connected the 
surface acoustic wave resonator 19 to vertical joint resonator mold surface 
acoustic wave filter section 3A at the serial. 

[0070] Moreover, as shown in drawing 18 , it is IDT1 1 A of the center of 2nd 
vertical joint resonator mold surface acoustic wave filter section 4A, while may go 
away, a gear-tooth electrode may be divided into two, and you may connect with 
output terminals 20 and 21, respectively. Like this example, the vertical joint 
resonator mold surface acoustic wave filter which has balanced - unbalance 
conversion function may be constituted. 

[0071] Furthermore, as shown in drawing 18 , on the occasion of two-step 
subordination connection, 1st vertical joint resonator mold surface acoustic wave 
filter section 3B and 2nd vertical joint resonator mold surface acoustic wave filter 
section 4A may be changed in electrode finger crossover width of face. Moreover, 
design conditions other than electrode finger crossover width of face may be 
changed in the vertical joint resonator mold surface acoustic wave filter section of 
each stage. 

[0072] Furthermore, each electrode finger with which each other is adjoined 
between adjacent IDT(s) in the 1st example is good in one electrode finger also 
considering a ground electrode and the electrode finger of another side as a 
signal electrode like surface acoustic wave filter section 3B of drawing 18 , 
although it connected with ground potential. 

[0073] In the 1st example, arrangement of three resonance modes was adjusted 
by adjusting three kinds of electrode finger pitches X1 and X4, i.e., electrode 



finger pitches, the electrode finger pitches X5 and X6, and the electrode finger 
pitches X2 and X3. However, if it changes from the value which added 0.25 times 
of the wavelength to which the two electrode fingers pitch in the adjacent part of 
a ** pitch electrode finger part and other electrode finger parts or the two 
electrode fingers pitch which the part which IDT-IDT adjoins adjoins is set in the 
pitch of both electrode fingers as mentioned above, as mentioned above, the 
continuity of a surface acoustic wave will be spoiled. In extent changed in the 1st 
example, although there is no big effect, loss may become large sharply by 
enlarging the above-mentioned electrode finger pitch. 

[0074] In the 2nd example, in order to solve such a problem, as shown in drawing 
19 , when the electrode finger pitches X5 and X6 are extended between IDT5 
and 6 and between IDT6 and 7, between IDT10 and 1 1 , and between IDT1 1 and 
12, one side of an adjacent electrode finger is made thick. For example, one 
electrode finger 6a is made thick among the electrode fingers 5a and 6a with 
which IDT 5 and 6 adjoins each other. The gap Y1 between electrode finger 5a 
and 6a is made equivalent to the gap between the electrode fingers in the ** pitch 
electrode finger part of the perimeter by it. Thus, although the insertion loss in a 
passband etc. will get worse if the part which was able to be extended is made 
into a free condition when it extends compared with the example of reference 
which mentioned spacing between IDT-IDT above, aggravation of an insertion 
loss can be reduced by making one side of an adjacent electrode finger thick like 
the 2nd example, and making the gap between electrode fingers almost the 
same as that of the gap between electrode fingers in the perimeter. Drawing 20 
is the typical top view showing the vertical joint resonator mold surface acoustic 
wave filter concerning the modification of the 2nd example. Although one side of 
an adjacent electrode finger was made thick in the 2nd example, metallizing of 
the IDT-IDT spacing is completely carried out in the modification shown in 
drawing 20 . That is, metallizing of the adjacent IDT-IDT spacing is carried out 
completely. Also in this case, like the 2nd example, even if it extends spacing 
between IDT-IDT compared with the example of reference, aggravation of the 



insertion loss in a passband can be controlled. This is explained based on the 
concrete example of an experiment. 

[0075] The following table 1 shows the value of the propagation loss in the 1st 
example, and the propagation loss in the modification shown in drawing 20 , 
when the electrode finger pitches X5 and X6 in the vertical joint resonator mold 
surface acoustic wave filter 1 in drawing 1 are extended only for 0.5lambdal2 to 
0.2lambdal 1 minute. Here, a propagation loss is the value which removed loss 
by the impedance mismatch from the insertion loss. By reference, the 
propagation loss at the time of setting IDT-IDT spacing X5 and X6, i.e., electrode 
finger pitches, to 0.5lambdal2 (namely, example of reference mentioned above) 
is also shown collectively. 
[0076] 
[Table 1] 







fcJBffl* (dB) 




1 DT- I DTfflPB7'J- 


1.7 5 


H 2 0 


I DT- I DTfflBI^^7>rX 


1. 50 


mm 


I DT- I DTRgPlO. 5 0 A I 2 


1.5 0 



[0077] According to the modification shown in drawing 20 , it turns out that it 
returns to the same value as the case where a propagation loss is set to the 
electrode finger pitch X5 which is IDT-IDT spacing, and X6=0.5lambdal2 so that 
clearly from Table 1 . 

[0078] That is, in case IDT-IDT spacing is extended and the location of 

resonance mode is adjusted, aggravation of an insertion loss can be prevented 

by carrying out metallizing of the field between IDT-IDT. 

[0079] In the 1st example, although the upper limit of the amount of adjustments 

of the electrode finger pitches X5 and X6, i.e., IDT-IDT spacing, was set to 

distance +0.25lambdal which added 0.25 times of the pitch of two adjacent 

electrode fingers, if the configuration of the 2nd example is used, it turns out 

further that the amount of adjustments can be enlarged. 

[0080] Moreover, when IDT-IDT spacing is extended, by making comparable as 



the gap between electrode fingers in the perimeter the gap between the 
electrode fingers which make one side of an adjacent electrode finger thick (the 
2nd example), and adjoin each other shows that equivalent effectiveness is 
acquired. 

[0081] Drawing 21 is a typical top view for explaining the vertical joint resonator 
mold surface acoustic wave filter of the 3rd example. With the vertical joint 
resonator mold surface acoustic wave filter 31 of the 3rd example, the electrode 
finger pitch in a ** pitch electrode finger part is made into two kinds. About other 
points, it is the same as that of the vertical joint resonator mold surface acoustic 
wave filter of the 1st example. Therefore, suppose that explanation of the 1st 
example is used about the same part by ****** which attaches the same 
reference number. 

[0082] Two-step subordination connection is made like the case where the 
surface acoustic wave filter sections 33 and 34 are the 1st example. In the 
surface acoustic wave filter section 33, IDT 35-37 is arranged in the surface 
wave propagation direction. Here, IDT 35-37 has a ** pitch electrode finger part 
like IDT 5-7. But in IDT33, the ** pitch electrode finger part N1 has electrode 
finger part N1A from which an electrode finger pitch differs, and N1B. That is, it is 
carried out if an electrode finger pitch is ** in electrode finger part N1B which 
consists of edges near the IDT36 side of IDT35 with two electrode fingers, and 
electrode finger part N1 A following it. Similarly, also in the ** pitch electrode 
finger parts N2 and N3 of IDT6, electrode finger part N2A from which an 
electrode finger pitch differs, N2B, N3A, and N3B are constituted. Furthermore, in 
IDT37, the ** pitch electrode finger part N4 has similarly electrode finger part 
N4A from which an electrode finger pitch differs, and N4B. 
[0083] It is similarly constituted by the vertical joint resonator mold surface 
acoustic wave filter section 34. In this case, make into Group B electrode finger 
part N1B of the side near each edge at which IDT(s) adjoin each other in IDT, 
N2B, N3B, and N4B, and let electrode finger part N1A of the ** pitch electrode 
finger part of a side far from the part which IDT adjoins, N2A, N3A, and N4A be 



Groups A. All Group's A electrode finger pitches are the same, and all Group's B 
electrode finger pitches are made the same. 

[0084] In order to raise the continuity of the propagation path of a surface 
acoustic wave, Group's A electrode finger pitch is made larger than Group's B 
electrode finger pitch. Therefore, in the vertical joint resonator mold surface 
acoustic wave filter section 33, the part which the electrode finger of a pair with 
which the electrode finger part from which an electrode finger pitch differs adjoins 
adjoins also not only in the part which the pitches X1-X6 in the 1st example are 
separated, and the electrode finger of a pair adjoins but in each ** pitch electrode 
finger part arises as a part which the electrode finger parts from which an 
electrode finger pitch differs adjoin. That is, the part of a pitch shown by the 
arrow heads X7-X10 of drawing 21 exists. In this example, the above-mentioned 
pitches X1-X10 are made into the distance which added 0.25 times of the 
wavelength defined in the pitch of the electrode finger of an adjacent pair, 
respectively. The other detail designs are as follows. In addition, the vertical joint 
resonator mold surface acoustic wave filter section 34 is designed completely like 
the vertical joint resonator mold surface acoustic wave section 33. 
[0085] electrode finger crossover width-of-face = the wavelength lambda of the 
wavelength Iambdal3= 3.87-micrometer reflector of the electrode finger in the 
wavelength Iambdal2= 3.92-micrometer group B of the electrode finger in the 
wavelength Iambdal1= 4.20-micrometer group A of IDT in electrode finger parts 
other than a 40.5lambdal1 ** pitch electrode finger part - R= 4.30 micrometers 
[0086] The 3rd frequency characteristics and VSWR of a vertical joint resonator 
mold surface acoustic wave filter of an example are shown in drawing 22 and 
drawing 23 . A broken line shows the property in the example of reference 
described before the 1st example for the comparison. 

[0087] Since VSWR improves about 0.25 times and the minimum insertion loss is 
large further compared with the example of reference mentioned above, 
according to the 3rd example, dispersion in the insertion loss in a passband is 
small so that clearly from drawing 22 and drawing 23 . 



[0088] In this case, the pass band width of the magnitude of attenuation from 
through level to 4dB is the same as that of the example of reference almost. That 
is, by adjusting so that it may have the electrode finger part which is two from 
which a pitch differs a ** pitch electrode finger part further like the 3rd example, 
arrangement of three resonance mode A-C can be adjusted like the 1st example, 
and a property can be improved. In addition, although the electrode finger part 
which is two from which an electrode finger pitch differs has been arranged in a 
** pitch electrode finger part in the 3rd example, the electrode finger part from 
which three or more pitches differ may be arranged. 

[0089] Furthermore, since the arrangement of three resonance modes mentioned 
above by adjusting the pitches X1-X10 shown in drawing 21 can be adjusted, in 
the 3rd example, it turns out that the degree of freedom of adjustment of 
arrangement of three more resonance modes can be raised compared with the 
1st example. 

[0090] Drawing 24 is a typical top view for explaining the vertical joint resonator 
mold surface acoustic wave filter concerning the 4th example. With the vertical 
joint resonator mold surface acoustic wave filter 41 of the 4th example, two-step 
subordination connection of the vertical joint resonator mold surface acoustic 
wave filter sections 43 and 44 is made like the vertical joint resonator mold 
surface acoustic wave filter sections 3 and 4 of the 1st example. Let some 
electrode finger parts be the chirp mold electrode finger parts M1 from the edge 
by the side of IDT46 of IDT45 in the part which IDT 45 and 46 adjoins in the 
vertical joint resonator mold surface acoustic wave filter section 43. It is changing 
to linearity so that it may become large, as the pitch of four electrode fingers 
which contain this electrode finger from the electrode finger of the IDT46 side- 
edge section of IDT45 more specifically keeps away from this edge. That is, it 
replaces with the ** pitch electrode finger part of the 1st example, and the above- 
mentioned chirp mold electrode finger part M1 is constituted. Similarly, in the part 
which IDT(s) adjoin also in IDT 46 and 47, it replaces with a ** pitch electrode 
finger part, and the chirp mold electrode finger parts M2-M4 are constituted. 



[0091] He is trying for an electrode finger pitch to become small by the chirp mold 
electrode finger part M1 as mentioned above, in order to raise the continuity of 
the propagation path of a surface acoustic wave as it goes to the IDT46 side- 
edge section from the center of IDT45. In addition, it is constituted by the vertical 
joint resonator mold surface acoustic wave filter section 44 as well as the vertical 
joint resonator mold surface acoustic wave filter section 43. 
[0092] The same effectiveness as the 1st example is acquired also by replacing 
with a ** pitch electrode finger part, and constituting a chirp mold electrode finger 
part like this example. That is, the arrangement of three resonance modes 
mentioned above like the 1st example can be adjusted by adjusting the value 
and difference of the maximum pitch and minimum pitch of a chirp mold 
electrode finger part. 

[0093] Drawing 25 and drawing 26 are each outline block diagram for explaining 
the transmitter using the vertical joint resonator mold surface acoustic wave filter 
concerning this invention. Duplexer 62 is connected to the antenna 61 in drawing 
25 . The vertical joint resonator mold surface acoustic wave filter 64 and amplifier 
65 which were constituted between duplexer 62 and the receiving-side mixer 63 
according to this invention are connected. Moreover, between duplexer 62 and 
the mixer 66 of a transmitting side, the vertical joint resonator mold surface 
acoustic wave filter 68 constituted according to amplifier 67 and this invention is 
connected. When such amplifier 65 supports the balanced signal, the vertical 
joint resonator mold surface acoustic wave filter constituted according to this 
invention can be suitably used as the above-mentioned surface acoustic wave 
filter 64. 

[0094] Moreover, as shown in drawing 26 , also when amplifier 65A used in the 
receiving side is unbalance signal correspondence, the vertical joint resonator 
mold surface acoustic wave filter constituted according to this invention can be 
suitably used as a surface acoustic wave filter 64. 

[0095] In such a transmitter, the improvement in the surface smoothness of the 
insertion loss in broadband-izing and a passband, the improvement of VSWR, 



etc. can be aimed at by using the vertical joint resonator mold surface acoustic 

wave filter constituted according to this invention. 

[0096] 

[Effect of the Invention] With the vertical joint resonator mold surface acoustic 
wave filter concerning this invention In the configuration which has the ** pitch 
electrode finger part by which the pitch of some electrode fingers is made 
narrower than the pitch of the electrode finger of the remaining part from the 
edge by the side of adjacent IDT in at least one IDT Since the above-mentioned 
pitches differ from 0.25lambdaA+0.25lambdaB when the pitch of the electrode 
finger with which a pair adjoins each other at least sets to lambdaB wavelength 
to which the wavelength defined with one electrode finger is set in the pitch of 
lambdaA and the electrode finger of another side The arrangement condition of 
three resonance modes mentioned above by adjusting this pitch can be adjusted, 
and the improvement in the surface smoothness of the insertion loss in 
broadband-izing and a passband, the improvement of VSWR, etc. can be aimed 
at by it. 

[0097] Moreover, when wavelength defined in the pitch of electrode finger parts 
other than the ** pitch electrode finger part of IDT which has Iambdal2 and a ** 
pitch electrode finger part in the wavelength defined in the electrode finger pitch 
of a ** pitch electrode finger part is set to lambda 11 When the ** pitch electrode 
finger part is arranged at the both sides of this core, the pitch between the 
electrode fingers between adjacent IDT(s) When it is carried out from 
0.5lambdal2 if it is **, and the ** pitch electrode finger part is prepared only in the 
IDT(s) [ one of ] side By making it differ from 0.25lambdal1+0.25lambdal2, the 
arrangement of three resonance modes mentioned above can be adjusted 
sharply similarly, and the improvement in the surface smoothness of broadband- 
izing and passband interpolation close loss and the improvement of VSWR can 
be aimed at. 

[0098] Moreover, if the electrode finger pitch in the part which adjoins each other 
in a ** pitch electrode finger part and electrode finger parts other than a ** pitch 



electrode finger part is **, when it is carried out from 0.25lambdal1+0.25lambdal2, 
the arrangement condition of three resonance modes mentioned above can be 
adjusted too, and the improvement in the surface smoothness of the insertion 
loss in broadband-izing and a passband and the improvement of VSWR can be 
aimed at by it. 

[0099] Moreover, in this invention, when it changes an adjacent electrode finger 
pitch as mentioned above, as for the amount of adjustments, carrying out to 
below 0.25lambdal is desirable, and degradation of a propagation loss can be 
controlled by it. 

[0100] Moreover, in this invention, electrode coverage with one electrode finger is 
raised among the electrode fingers of a pair with which adjacent IDT adjoins 
each other, when spacing between the electrode fingers which adjoin each other 
by it is narrowed, the continuity of the propagation path of the surface wave 
between IDT(s) can be raised, and aggravation of the insertion loss in a 
passband can be controlled. 

[0101] When metallizing of the field between the electrode fingers with which 
similarly each other is adjoined between adjacent IDT(s) is carried out, the 
continuity of the propagation path of a surface wave is raised, and aggravation of 
an insertion loss can be controlled. 

[0102] In this invention, when the part from which an electrode finger pitch differs 
further is prepared in the ** pitch electrode finger part, by adjusting an electrode 
finger pitch in the part which the part from which an electrode finger pitch differs 
in a ** pitch electrode finger part adjoins, the arrangement condition of three 
resonance modes mentioned above can be adjusted, and the improvement of the 
surface smoothness of the insertion loss in broadband-izing and a passband and 
the improvement of VSWR can be aimed at. 

[0103] When the part from which an electrode finger pitch differs is especially 
prepared in the ** pitch electrode finger part, The pitch between the electrode 
fingers of the pair which adjoins each other in the electrode finger part from 
which an electrode finger pitch differs When referred to as wavelength lambdaA 



defined in the pitch of two or more electrode fingers containing each electrode 
finger, and lambdaB If the electrode finger pitch of a pair is ** from 
0.25lambdaA+0.25lambdaB at least, when being carried out, the arrangement 
condition of three resonance modes can be adjusted sharply, and the 
improvement of the surface smoothness of the insertion loss in broadband-izing 
and a passband, the improvement of VSWR, etc. can be aimed at. 
[0104] When the ** pitch electrode finger consists of electrode finger parts of a 
chirp mold, the arrangement condition of three resonance modes mentioned 
above can be sharply adjusted by adjusting the value and difference of the 
maximum pitch and a minimum pitch in a chirp mold electrode finger part. 
[0105] Especially, when it is constituted so that an electrode finger pitch may 
become small at linearity as it goes outside from the surface-wave propagation 
direction core of IDT in a chirp mold electrode finger part, the continuity of a 
surface wave propagation way is raised and aggravation of an insertion loss can 
be prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The typical top view for explaining the vertical joint resonator mold 
surface acoustic wave of the 1st example. 

[Drawing 2] Drawing showing the frequency characteristics of the vertical joint 
resonator mold surface acoustic wave filter of the 1st example and the example 
of reference. 

[Drawing 3] Drawing showing VSWR of the vertical joint resonator mold surface 
acoustic wave filter of the 1st example and the example of reference. 
[Drawing 4] The typical top view for explaining the principle of the 1st example. 
[Drawing 5] Drawing showing change of the frequency physical relationship of 
three resonance modes at the time of changing pitches X1 and X4 in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 6] Drawing for explaining change of the amplitude level of three 
resonance modes at the time of changing pitches X1 and X4 in the vertical joint 
resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 7] Drawing showing change of the frequency physical relationship of 
three resonance modes at the time of changing pitches X5 and X6 in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 8] Drawing for explaining change of the amplitude level of three 
resonance modes at the time of changing pitches X5 and X6 in the vertical joint 
resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 9] Drawing showing change of the frequency physical relationship of 
three resonance modes at the time of changing pitches X2 and X3 in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 10] Drawing for explaining change of the amplitude level of three 
resonance modes at the time of changing pitches X2 and X3 in the vertical joint 
resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 1 1] Drawing showing change of the frequency characteristics at the 
time of changing pitches X1 and X4 from a design development in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 



[Drawing 12] Drawing showing change of the frequency characteristics at the 
time of changing pitches X5 and X6 from a design development in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 13] Drawing showing change of the frequency characteristics at the 
time of changing pitches X2 and X3 from a design development in the vertical 
joint resonator mold surface acoustic wave filter shown in drawing 4 . 
[Drawing 14] Drawing showing the frequency characteristics of the modification 
of the 1st example. 

[Drawing 15] Drawing showing VSWR of the modification of the 1st example. 
[Drawing 16] Drawing showing the propagation loss of the surface wave at the 
time of changing spacing between IDT-IDT. 

[Drawing 17] (a) And (b) is each typical top view showing the modification of the 
1st example. 

[Drawing 18] The typical top view showing other modifications of the vertical joint 

resonator mold surface acoustic wave filter of the 1st example. 

[Drawing 19] The typical top view showing the vertical joint resonator mold 

surface acoustic wave filter concerning the 2nd example. 

[Drawing 20] The typical top view for explaining the vertical joint resonator mold 

surface acoustic wave filter concerning the modification of the 2nd example. 

[Drawing 21] The typical top view for explaining the vertical joint resonator mold 

surface acoustic wave filter concerning the 3rd example. 

[Drawing 22] Drawing showing the frequency characteristics of the vertical joint 

resonator mold surface acoustic wave filter of the 3rd example. 

[Drawing 23] Drawing showing VSWR of the vertical joint resonator mold surface 

acoustic wave filter of the 3rd example and the example of reference. 

[Drawing 24] The typical top view of the vertical joint resonator mold surface 

acoustic wave filter concerning the 4th example of this invention. 

[Drawing 25] The outline block diagram showing an example of the transmitter 

constituted using the vertical joint resonator mold surface acoustic wave filter of 

this invention. 



[Drawing 26] The outline block diagram showing other examples of the 
transmitter constituted using the vertical joint resonator mold surface acoustic 
wave filter of this invention. 

[Drawing 27] Drawing showing the frequency relation of three resonance modes 
in a vertical joint resonator mold surface acoustic wave filter. 
[Drawing 28] Drawing showing the active current distribution of three resonance 
modes shown in drawing 27 . 

[Drawing 29] Drawing showing the frequency physical relationship of IDT-IDT 
spacing and resonance mode in the conventional vertical joint resonator mold 
surface acoustic wave filter. 

[Drawing 30] Drawing showing the relation of the IDT-IDT spacing and the 
amplitude level of three resonance modes in the conventional vertical joint 
resonator mold surface acoustic wave filter. 

[Drawing 31] The typical top view showing an example of the conventional 

vertical joint resonator mold surface acoustic wave filter. 

[Drawing 32] The typical top view showing other examples of the conventional 

vertical joint resonator mold surface acoustic wave filter. 

[Drawing 33] Drawing for explaining change of the frequency characteristics at 

the time of changing IDT-IDT spacing in the conventional vertical joint resonator 

mold surface acoustic wave filter. 

[Drawing 34] Drawing for explaining change of VSWR at the time of changing 
IDT-IDT spacing in the conventional vertical joint resonator mold surface acoustic 
wave filter. 

[Drawing 35] Drawing showing change of the frequency characteristics at the 
time of changing IDT-IDT spacing in the conventional vertical joint resonator 
mold surface acoustic wave filter. 

[Drawing 36] Drawing showing change of VSWR at the time of changing IDT-IDT 
spacing in the conventional vertical joint resonator mold surface acoustic wave 
filter. 

[Description of Notations] 



1 - Vertical joint resonator mold surface acoustic wave filter 

2 Piezo-electric substrate 

3 4- Vertical joint resonator mold surface acoustic wave filter section 

3A, 3B, 4A - Vertical joint resonator mold surface acoustic wave filter section 
5-7 -IDT 

5a, 6a, 6b, 7a - ** pitch electrode finger 

8 9- Reflector 

10-12 -IDT 

11 A- IDT 

13 14- Reflector 

15 - Input terminal 

16 - Output terminal 

17 - Output terminal 

18 - Vertical joint resonator mold surface acoustic wave filter 

19 - Surface acoustic wave resonator 

20 21 - Output terminal 

31 - Vertical joint resonator mold surface acoustic wave filter 
33 34 - Surface acoustic wave filter section 
35-37 - IDT 

41 - Vertical joint resonator mold surface acoustic wave filter 
43 44 - Surface acoustic wave filter section 
45-47 - IDT 

61 - Antenna 

62 - Duplexer 

63 66 - Mixer 

64 - Surface acoustic wave filter 

65 - Amplifier 

67 - Surface acoustic wave filter 

68 - Amplifier 

N1-N4 - ** pitch electrode finger part 



•4 



X1-X10-- Pitch 

M1-M4 ~ Chirp mold electrode finger part 
N1A, N1B-N4A, N4B - Electrode finger part 
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[0 0 16] ±^Lfe«E*ft*0^ 40 

wizmmrzz mmmmm. mj&&mpw>& 

Aa5fe<0¥fitt»^VSWRft«J:©HfKoe*fl[SiB«> 

[0017] *Kwo>m<DEmz* ii^^^sKT 
[ooi8] ^os^cffiwawn mmismmz 50 
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^WSif A»*©^fitt^>VSWRi|*tt**{fc$-frSil 
[0 0 19] 

tfelOOIDm B»0*5 I DT«©SB»^S— « 

fi>a>*c»0>£??w* ffi©ap»^mffiJiotfy^cto 

Ot?y^7?^«e>^nS«fiSrA B^tfctfl^ 0. 2 
5AA+0. 2 5AB*^^f,$tlTW, Ig^ 

[0 0 2 0] &*5, ^<D«&, 'M<i:t)-»0BI!3^ 
*h^^«ffi»a5£S9©«ffi«85£a*R 

D^^ffi^-^io^^iifg^ I DTH±*«0 
[002 1 ] **5B<z)te<o/2:^Sffifc:«fcn«, JEfSIS 

§il-^3(DIDT<l:^ix., '>4<tt)l^ID 
T^\ R0^3I DT«©JBaR^6— «»0««»©br 
ffi©a5»<^««Jt<ObTy5 1 J:0 ! b»5<SnT^ 

s^3tc< £t> io©*try^fittjBa8*#"r*iK«ed* 
»as©«*»t!y?-e5e»6n-5tt**A 1 2, K»e 

y^SSJfaBfc^-r* I DTO«Etfy^«ffiJgB8©«^ 
©•SltaKOK^^-eJtASnSttfiSA I l^Lfcii 
£\ ±8BR0^3 I DTMO«ffiJt*'i>WEfll^ 

0^3 1 DTmmnmmizmvy^mmmmmmisn 
T^&m&izizo. 5 a 1 2^<E>sft<b£*u li-rn^ 

-*<D I DTfl«C©*»5tr y^«*»at*TO**&*lT^ 
^if^tCte, 0. 2 5AI1 + 0. 25A I 2/)^S^ 

[0 0 2 2] *KMO^^^ffi©l2:t^SfcJ:n«. EE 

co 1 dt^, ^0^3 i DTfiij©agp^^-es»co«ffi 
tiT^z>'pt3L< <t*> ioco?Rhry^m«iJtaP€:wr^» 

^«a»B8©«sjtbf^^Tffi«)^n^ja[fi«rA 1 2, 
K«t?!y^««»aB&*rrs 1 DTo&tr^sffiJtgB 



(5) 
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uft<Dmmwi&£ t>m v&o &ft\z*$ttz>mmm*<t>m 

mm&* 0. 2 5 A I 1 + 0. 2 5 A I 2 7^£>g&££ 

[0023] *%w<n%\<D}2:^mmiz£n\,i, tzmmfo 

^1^30IDTi^lA, M<tt)lO0ID 10 

%&<Dmmi%¥v?-T*fe&t>nz>$im$: x i 2, M^tr 
v^mmmm&mTz 1 DT<D&e^m®^gs<z>£W 

0. 5A 1 2?&^Mf,^n, ^t*n#>— ^tf> I DT$J 20 

0. 2 5 A I 1 + 0. 25AI 2^^>S?^oT4d0. j&* 

0. 25AI1 + 0. 2 5 A I 2frtE>mfc£>2tlT^ 
[0 0 2 4] #fgWc£>^Tti. $?£L<te, H^fB^O 

&omMm*>bmmM&mtjL*>znz>miz. 0. 25A 

te, $10^ I DT^i^^r^ilfg^ei^, - 30 
[0 0 2 5] 

1 —HI 3 <£> I DTi^ffl^., 4>ft< <ht> 1 ^CD I DT 

[0 0 2 6] S?£l><fcL 8flIE»lfy^«ffiffiffi<Z>Sffi 
5£#>£>n&&g£A A. ABttjfcS^ 0. 2 5AA 50 
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+ 0. 2 5AB)5^S^b$nw?»o 
[0 0 2 7] *38W©»5e©«ffiTtt, ReyftBI 

mafias i DT©*ffiiS[e**r^*^e>^fflJcrfii 
^^icotix, mmizmmmhZv^&'i^KtsL&^oiz 

[0 0 2 8] **W(0»J©i|#S©^ffilCcfcntf, *58w 
[0 0 2 9] 

[0 0 3 0] Bill 1 <O^J6«Jc«*«« 

**S^ffl5Mt»ffijft7-r^^tt» EGSMSSffl/O 

-So 

[0 0 3 1 ] *SWfi«|-C«, EfiSi LTCD 4 0 ± 5 
° Y*>y hX«©L i Ta0 3 »«2£/f§^T* tHB 

ftmm&iy * )\/* l tit #te*Sifc:7>f ;i/^s&3, 4 

[0 0 3 2] *tt*Bift7-f ;^«3T?tt» S1-S3 

^>o i dt 5 — 7^Kw-f>nTii-5««©sffiiate«* 

[0 0 3 3] RUStlC, ?Mt*ffiJft7>f;^a54fC*5^T 

DT 1 0-1 2#KlB£n-C*3 0. 
I DTI 0-1 2<DKtt6nT(r^ffii«(0PSfllJfCRit» 
13, 1 4^ES$nT^§„ 

[0 0 3 4] W&&mi6L7 << )V*&3<Dtp&<Dm2(D I 
DT6 0-WUAaf 1 5tCfiE3tt$nT^-5. 
PM4^®ft:7^;^gB30DSgl, I3©IDT5, 70 
*20#tt8i«7^M»4O*l l H!3tf) 
IDT 10, 1 2©-*{CttaWfC««$tlT^S. # 
tt«7>f;^giI4(Di2 0 I DT 1 1<D— ffitfititf) 
16l:l^l:gi$nT^I>„ IDT 5- 7, 1 
0-12 <Z>A*WP 1 5 , tBAa? 1 6 *fc«ffi<D I D 

Tic«awjc«a$nTi^«ffitttE»flj<o»BR«» 

[0 0 3 5] 3Ptt*ffi«7w;^ffl3lC*5liTtt, ID 



(6) 
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eyftfifisstt^. -rtat>?>* idt5, 6 turn 

9£oT(/>£g&iHC:fe^Tte, IDT 5, 6com@m5 
a, 6a^R0*t)TW. «ftfi5 a*ttT I DT5 
<D I DT 6fl0©affi*^1fi»*O«SJi^ IDT 5 CO 

bf ^ fiijg^N i ©mam tf ^ 5P#> a o <z>mmm& 

[0 0 3 6 ] [^*HtC, I D T 6 tC^fct^T^K I D T 5 BJ 10 

6 a*$ty«ft*0«SJt^»hT!y^» 
SMN2 5:MLTV^o IDT6, 7««B0 

#oTt^BS»T«. I DT 6<Dm®1%6 b IDT 
7<£>mSfg7 a^BO^WS, ^LT, IDT6 
<D I D T 7 ffliJSSe^SSJg 6 b *-&tT»»*(0««ffifC 

N2, N3^«*$nT*3 0. ^*omajggp{cit^ 

[0037] iDT7m m^y^mmm^N4f)m 
DT6i©«a, T^-s«aji7 a$-&tya»*co« 

[0 0 3 8] ^iC, IDT10-12l:i5l/itt), I 
DT 5-7 i:H«<D»5tfy^«atiB8N 1, N2, N 
3, N4«$nt0^o Hl£*5^Ttt* m 30 

£««£-rs&«>K:* «affl<o*fttt^lR<tO ! b^3a:< 
[0 0 3 9] £t\ **M^tt«"Ctt3S:^^^ 

BBN l—N4(Z)«aJBtry5 1 Tffi»enS«SS:A I 

2, ^offiosa^epomffiJttfy^T^^n^&s 
£a i i t~rz>. 

[0040] IDT5-7, 1 0-1 2\Z&ftZ>n&1& 
3a§iBW= 3 5. 8 A I 1 40 

IDT 5, 7, 10, 1 2 ££fr*3«aif0>*R=# I 
DTfC&^T. ^tf^5 i ma^gP^aJgcD*:^:^4*: 

•r^o, gio©maj§gp«majia)*f»«2 s* 
idt6, ii comajt^*^c=Mi'jco^ tf v ^mmm 
sen 2, n 3 ©tif§^)*Sfj:f nt*n 4 0 , * 

*0$fchf y^T?tt3&:Vi«aJiBB©«aJi«>*fttt2 7* 
A I 1 =4. 19 um 
A I 2 = 3. 9 0 /zm 

^§§8, 9, 13, 14©iSlAR = 4. 2 9 Mm, 
ES*«K:fcfr*£*araG>2Mgc= 1 0 0 * 50 
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[0041] ste^^aasffitao^wajiBRi^Bt 
o^3-«^majipacDmaii4 , ^w^=o. 25A 

I 1 + 0. 2 5 A I 2. fcfc, St'^y^ffiSKtSO 

comafgg^cz)^ o^^ -#<D® afto * <t>n em £ 

Hlt^HIXl. X2, x 3&tfX4T^£nx^£BS 

aoomajia^iBo^^a^^wsiBodi— 
#a>majg*^ME«T*-5. 

[0 04 21 ^0^3IDT-IDTr B 1I=0. 50A 

1 2 0 *mmmT*\*, i DTn±3j*B-o-&5 

«»©Hffl»c«if y^«am»^«j«^nT*3 0. 01 

<7)^SIX5, X6T^$nTt^ I DT - I DT^P 

o^mas+^MBrautt, o. 5 0 a i 2t^nx^ 

[0 0 4 3] IDT £.fc%i%sh(DFm\M= 0 . 5 OAR 
I DT 5-7, 10-12Ci5^f3.-r><-=0. 
7 3, JKStgglCiSfrtS^a.— ^>f— =0. 5 5 

ma^iP=o. 0 8 A I 1 

[0 0 4 4] IDT-IDTB1CB0 

-&3maftp^4«^EKix5, X6, M^ctr^^WcC 
s«ajt^»o^^ffl»«>«aiBia*^]Ei(tx 1 -X4 

±&unAfc«i:$nTtiS. emu, 

[0 0 4 5] ^##0iJCD^S^^®^^#tt^M^^ >T 
[0 0 4 6] **J6«tt, C<7)cfc3^##^J<0^^ 

m&*<DmMm¥y^T~fe&£>tiz>mm(Do. 2 5<g 

[0 0 4 7] J:e##fl|£S*K«-£U <f><bMEiBX 

A«*©B6ofatfvswR§sfsns c t 

[oo48] mmm^mm^ 43. 0 a 

1 lt^tltl^c £tz* *>bfflfcffiX l-6fcmTtf> 

*^raiEl!IX 1, X4 = 0. 25AI1+0. 25AI 

2 + 0. 015AI1 

*^^g|X5, X6 = 0. 50AI 2 -0. 020A 
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1 1 

♦iMHHEliX 2, X 3 = 0 . 25AI 1 + 0. 25AI 

2 + 0. 0 1 0 A I 1 

[0 0 4 9] *H*«©«IS^*«^a»Mt*ffitt7-r 
[0 0 5 0] m2RZtm3frt>WbfrteJ:olZ, 

«o. 3ai$nsctdws. l^*>. A;k-u^ 

[0 0 5 1] -T^fc-S, *^JfcWCcfctltf. ^fcf^m 

mm&iimvv^mmm&ttemtsLz^v^&mmmm 20 

5fS©?dJ;Dfc:fc$<TSC£K:<fc'K &mz IDT- 

fflift#«£8K-r*££&<, fflia#«rt<0ifAtB5fe<0 
B^^tRtfVSWROSf&a5Ct^T!r5. 30 
[0 0 5 2] ±8BS!l*&. 0 4-01 0€r#flBLT»9i 

[0 0 5 3] H4fc*bfc«E«&*S : Fa!#tt*iB«7 
^W«3AT?H IDT 5, 7 O-a^US**? 1 7 

^T, 01 tnC<««»<f-i>IBIElBX 1-X6^ 
I^^tT^ofcS^I^-HA-C (02 7, 2 
8lC^Lfc#^E-KA-C) 0«ft*H5-Hl 0 K 40 

[0 0 5 4] ««»+-&lBE«ia)*fl:»a:tt* 

K*V>5t>(Di:"rs. 05— 0 1 0 Tti> 02 9&tf0 

3 0\Z^tz.m^tLmmz. -f >bf— y>X 5 0 Gcpfc 

[0 0 5 5] B5RtX0 6tt, 04 IC*»*+-&IBEIB 50 
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XI, X4^^t$t/:8^ B7R»B8I1 4>*frlB 
[^g|X5S^X6 ("rttto-fe I DT- I DTBBBS) 
09&tf01Ote* */tHEiX2, X3*&fls$1i:fc 

[0 0 5 6] 0 5-0 1 O^ewei^ftcfc-SJC, ^11 
Hi£+0. 0 2 A I l«ftStfc*^flftR»tt08 

ib^Bl 1—01 3 i:^to 
[0 0 5 7] 01 1 te, H4fc*W*+'frlBElBX 1 , 
X4^, 012WU +iDM!El!IX5, X6£, 013 
tt> +^IHE«X2, X3^»$t^^*^ 
-To 01 1-01 3^£^£^ftcfc5{c* #4>^mEK 

2>Z ~?f£t>-t>. W«IX1-X6, J: 

OlOttcti, t'MEKX 1 , X4i, 4>'&mEMIX 
5, X6t, WMX2, X3l«n?tl»l:^S 

fc», 3a®(^+^F^ai$: j en-€ r niJiM"r^ii^fCci: 

[0 0 5 8] #^Jfi0»raa, _LfE<D<i:5tC, *^WiE« 
X l-X4^M^urc^*ISfi-cJ:0^^:#<, ^HE 
1X5, X6^X*iSffJ:D : fe/h^<-r^) t l^^J:D, 

[0059] w:, mi<Dmmm<D^mmt.Lx. ±a> 
b&3ao*'i>raiE«^siiSE*r«>ci:rc<to* 
*tttf*«*«-r. c©ss»«-ett, «jfiu&**K«- 

[0 0 6 0] SffiJg32M*IW= 46. 4 A I 1 
I DT£>i£;^A I 1 =4. 20/im 
R»i§(7>ftfiAR = 4. 3 0 Mm 

*i>WEHIX 1, X4 = 0. 2 5 A I 1 + 0 . 25AI 
2-0. 010AI1 

WWX5, X6 = 0. 50A 1 2 - 0. 020A 

1 1 

tp>km$£MX 2, X 3 = 0 . 25AI 1 + 0. 25AI 

2 + 0. 015AI1 

[0 0 6 1 ] ^^JcDi^^gclfttS^VSWR^'tt?: 
014 RZSm 1 5 tC^To 0 14 RZtm 1 5 (D^Si^ 

[0 0 6 2] 01 4WB1 5** 69! 51;:, A 
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co<d* ##^ji:^btiI^Mlilf>tif, vswr 

[0063] ±m(D^oi,z, m^y9-mmm^t^o<D 
n-?n<^mffif§a>bf^^T«j?>^ti^isg(oo. 2 5fg 

JRS^attttdWiJbnsitr^PfljB^**. 016 
Id, HlJC*5ttS+^HHEUIX5, X6»$f/:« 

^^^a^^ff^^to mm* idt-idth 

<D&tfO. 5 A I 2T*&£ 0 A«*^e. 

[0 0 6 4] si 6fr*>w*>frte<koiz. tp&mmmx 

5, X6T^W I DT - I DTf B 1i>&0^f»»b^t 

%ct\z<kQ, e«a**^ft;-r*c:i:^fc^s. Jits 

W«X5, X6^, S^ISffcfcD^O. 2 5AI 

[0 0 6 5] £<D£iB«*©£fl:tt, B 1 l:^ 
*-tWE(BX 1 -X 4 Sr*ft$-frfci8^t>S«ra«ST* 
-5. ftoT, ±E+^WE«IX1-X6©W«E»©±IB 

<Z)0. 2 5{gm±&m?Lrz&*mit<Dm.+ 0. 2 5AI 

(a in, «fcry^«aiJBas-cttftii««»fflflD««» 

S 1 SWTS Lfe E G S MSB 
ffl^Jl^lC&lATte. MS1OI90. 2 5 A I 

[0 0 6 6] ^±co J: 5 SI 1 ©^JfiMRtf _bBBX» 

[0 0 6 7] gcfc, miO^JfiWOcfc'PtC, 3«SC0m 

[0 0 6 8] &43* ±EjlJ6«TH, 40±5° Y^J7 
hXfe$<Z)L iTaOa SffiSrfflVifc^ *5£W\Z£>\,* 

TEEn&fc&ffi&TZHEMttn\z^^T\zmzmfe2ti 

64-72° Y^J7hXfeffiL iNbOa 4 
1 ° Y^^y HX«L i Nb0 3 &1Rte£&m^T*>l: 

[0 0 6 9] £fc, ±E*lfiW"ett, S1-S30ID 



(8) &§B 2002-9587 

14 

TSvTT S3 I D TatOBfidSfif fi»tt*Bi67 ^ 
;^8B*2R«KLfc«liat» 1R<B3 I DTSUMS^ 
^fi^SSMSSffi « 7 * 3 A Jc -3 ^i^sg l fc«t, 

017 (a) (C^-TJ:3^:5<@(D I DT£WTS 5 I D 

TfflcDiKiB^fta^fflsMtaBtt^-f^ i 8^. -en 
But© i d t ^ ^Miiiis^^gf s^et ® 

017 (b) tC^Tcfc^fC, «je-&#fi^$!5IHtS 
ffiifc^ ;l/^SB3 Atc^tt^ffifc&H^l 9^®^lic^ 
10 ^l»T^oTt>J:k 

[0 0 7 0] 01 8tC^-Tct^fC, »2©3»«^ 

^fi^SIWitSffiK^-f ;^^fi84 A<7>4>*© I DT 1 1 
A<D-Jj<D< L#SS£2#1R|U ^ft?niBAS8f 2 
0, 2 1 fc:8&«LTt>£^. cco^jc^cfc^fc, W-m-^F 
¥MMl^tt§«^IfS#tt^B^7^Jl/ 

[0071] se>Ki. 01 8\z^-t£oiz, 2&$tmm 
3b^, i2^6*ifi#MiiS7 >r ;i^§B4 

20 A<hT\ «a»£^«£gfc:Sit-TfcJ;V>. 

[0 0 7 2] ^6fC, »1<B^S0!IT«, HO^^ID 

*rcv>fc*«. B l 8 o#ttaB»7 ;^ K 3 b ©d: 5 

[0073] mi o^m^jTii, 3 @soma}t4'^ra 
eri. -?tet>*>m®m*&mmmx i , X4, nn^* 
30 ^heibx 5 , x6Rzsmmm*>bmmffix2, X3£ 

ilt^) Z h Jc£ 0 3 Otf^a^E- F<0E«a*W«$n 
T^fco L^bfts^S. WaibfcJ:3{c, *tfu/^«« 

fiat<i&<D«affiw^cDi»o^5as»jc*5frts 2*©« 

aJB^^WEHi, »5N1IDT-IDT©B0^T 
mffifiotf^^T^a66ti^^goo. 2 5fg^±^JUP 

[0074] m2<ommmx\t. z.<D&ofcmm&m& 

-fZ>rzSb\Z, 01 9tC^T£5tC, IDT 5, 6MRtf 
IDT 6, 7WJ, IDT 10, 1 lBStf IDT1 1, 

i2ra^*5^T, mmmtpfofflmrnxs, X6&mfiz 

tf> IDT5, 6<DmQ&om®i%5 a, 6a^)^, 
-*0«fifi6a^*<SntM. ^JUC^oT, « 
^fg5a, 6 aP^CO^^Y 1*, -e60«HO«hTy 

^aam^^ttsfliajBmo^^y^i^^snT 

50 l^o Clc^ct^lC, I DT- I DTM<Z>MIH*±j£bfc 



» 
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I^IMt^Cch^tt^o 02OH %Z2(DmMM<D 

te, I DT- I DTTbI^, ^±\Z*?7-fX£tlT^ 
So TUt)*>. mD^O I DT- I DTmffirf^lZ* 
XZtlT^Z* Z(Dm&lZ&^T*>. i2 0Sl 

mtmmz. i dt- i DrmcDmm&^miz&^T 
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[0075] Tiaco^ i \*+ mi \z&rt%m&&&m z ?- 
m&ftmw&y * i iz&iizmmfe^'bm&mx 

5, X6^, 0. 5 A I 2 ft* 6 0 . 2AI1 #*:ttt£tf 

S2 otc^bfe^^Jtc^tt^^a^oM^^-ro e: 

io t- i DTr*m?teti%mMt%*>i>mmmx5, x6£ 

0. 5 A I 2£Lfc^ (Tfrt^f^Lfc^W (£> 
[0 0 7 6] 

[iEi] 







rasm^ cdB) 


m i ©nafepj 


I DT- I DTPbM7»;- 


1. 7 5 


S2 QCD$8&m 


I DT- I DTMmSfUX 


1. 5 0 




I DT- I DTfSPSO. 5 0 X I 2 


1.5 0 



j&wctntf. e«tB5fcti. i dt - i dtwiht?* 

Smffifi^PflfEBiX 5, X6 = 0. 5A I 2d:bfci 
[0 0 7 8] tto^, I DT- I DTfWIH^ffitfT* 

^-H^es^msTsistc^ idt-idt^o 

[0079] siio*jfi«Ttt, tta»*^raiEnix 
5, X6t^ i dt- i DTKm<ommm<D±m 30 

JnA^SgH+0. 2 5 A I tlfc^ WZ2<D$£mm<Offi 
[0 0 8 0] I DT- I DTraH€rl£tffclBlC, 

[0 0 8 1]B21lt S3 ©3SM0!l<0«IS'&*fi J FS! 40 

3 i Rhr^^mait88tc*5frt€>msfgfcf^^2 

tot, l^-gfcfrKO^Tte, 1^— <0#Bg#^£tt"r-5 
[0 0 8 2] #teg|ffi&:7^;i^H&3 3, 3 4&mi<D 

mmmcDm&tmmz tx 2 gtigi^nti^. # 50 



tt*E&:7>r;i^8B3 3tC:fc^TH I DT3 5 — 3 7 

^sseiR^i6]{cEe$nT^^p c^t. idt3 

5-37(1 I DT5-7 i:H«tc:«tf y^«ffi*i«S: 

ni^\ ftffifgey^s^saajgfflNi At. ni 

B££#T£o ~tf£t)t>. IDT35C0IDT36 $ft\Z 

m**tm& 2 *<Dmmm\z& 9 «fig$n-5«ajg»N 
iBt, -5-nfd«<«a*i»Ni At-r«aiBify^ 
s^^^nt^s, 1 DT6CD3Rtr^^mait 

g&N2, N3tC*3^Tfc, «afBtTy^J&*S&*«aif 
S&N2A, N 2 B , N 3 A, N3B^M$ntW 0 
^^>{C, HSUC* I DT 3 7 tC&^Tfc, SStTy^WB 

[0 0 8 3] «ft^*iB : f : a!SWt*ffi*7^;P^«3 4 

\z-D\,*Tbmmzmf&2tiT^2>o ^©s^ §idt 

(C*3^T, I DTH±^BD'&5«iBB^iS^«J(©«aJt 
W1B, N2B, N3B, N4B$:^ )V— tb, 

I DT^BO^oT^SW^^a^fllJ^Rtfy^a 
^SPcoma^gBN 1 A, N 2 A, N 3 A, N4A£^ 

-^A<htl>o ^-^AcDSaJitfy^^TI^UT 
[0 0 8 4] #ttSffiift©e«K<Z>atttt*fl5«>S^:«> 

jc, ^-^Aomafgbru/^ti, ^-^Botifg 

ffl»tt^S«7>r;^B8 3 3 fcfc^Ttt. «a*ttf^^- 

^*fts«a»«ra±*«i»*t-*»»tUT, 

J6fl»J{C*5ttS4»^raiE(llX 1 - X 6 £PITT-*fr<Z)®a 
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<Dmmm&m*)&o&m**kcz>o 0210 

^X7-X10 T^-r+^PBliEHI©ffi»^#«f -5. 
*j£J60ycH ±K*'WHBBIIX 1 -X 1 0 tt, -tn-e 

i&SOO. 2 5«H±*UDAfcHgl!li:$nTl^. 

*»3 3 4t<Hil:IWfanW6. 
[0 0 8 5] m«ifg3£M*g=4 0. 5AI1 10 
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